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@  A  cutting  tooth  and  a  rotating  bit  having  a  fully  exposed  polycrystalline  diamond  element. 

@  The  present  invention  is  an  improvement  in  the  cutting 
tooth  (14)  used  in  a  rotating  drilling  bit  wherein  the  cutting 
tooth  (14)  incorporates  a  synthetic  triangularly  shaped  pris- 
matic  diamond  element  (16).  The  polycrystalline  diamond  ele- 
ment  (16)  is  substantially  exposed  above  the  bit  face  (10)  of 
the  bit  and  is  supported  and  retained  on  the  bit  face  (10)  by 
disposition  within  a  tooth  (14)  of  matrix  material  (12)  integrally 
formed  with  the  bit  face  (10). The  tooth  (14)  is  particularly  char- 
acterised  by  having  a  trailing  support  (32)  in  the  shape  of  a  tap- 
ered  teardrop  with  a  leading  face  on  the  trailing  support  (32) 
that  is  at  least  in  part  adjacent  and  contiguous  to  the  trailing 
face  (34)  of  the  diamond  cutting  element  (16)  and  is  congruous 
at  the  plane  of  contact  with  the  diamond  cutting  element  (16) 
and  tapers  thereafter  to  a  point  (36)  on  the  bit  face  (10)  to  mini- 
mize  the  amount  of  matrix  material  (12)  in  the  tooth  (14)  which 
must  to  be  removed  by  wearing  before  a  useful  cutting  surface 
of  the  polycrystalline  diamond  element  (16)  can  be  exposed. 



1.  F i e l d   of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  the  f i e l d   of  e a r t h  

b o r i n g   b i t s   and  more  p a r t i c u l a r l y   to  such  b i t s   as  embodied  i n  

r o t a r y   b i t s   i n c o r p o r a t i n g   diamond  c u t t i n g   e l e m e n t s .  

2.  D e s c r i p t i o n   of  the  P r i o r   A r t  

The  use  of  d i amonds   in  d r i l l i n g   p r o d u c t s   is  wel l   known.  

More  r e c e n t l y   s y n t h e t i c   d i amonds   both   s i n g l e   c r y s t a l   d i a m o n d s  

(SCD)  and  p o l y c r y s t a l l i n e   d i amonds   (PCD)  have  become  c o m m e r c i a l l y  

a v a i l a b l e   from  v a r i o u s   s o u r c e s   and  have  been  used  in  s u c h  

p r o d u c t s ,   wi th   r e c o g n i z e d   a d v a n t a g e s .   For  e x a m p l e ,   n a t u r a l  

diamond  b i t s   e f f e c t   d r i l l i n g   wi th   a  p l o w i n g   a c t i o n   in  c o m p a r i s o n  

to  c r u s h i n g   in  the  case  of  a  r o l l e r   cone  b i t ,   w h e r e a s   s y n t h e t i c  

d i amonds   tend  to  cut   by  a  s h e a r i n g   a c t i o n .   In  the  case   of  r o c k  

f o r m a t i o n s ,   for   e x a m p l e ,   i t   is  b e l i e v e d   t h a t   l e s s   e n e r g y   i s  

r e q u i r e d   to  f a i l   the  rock  in  shea r   t h a n  i n   c o m p r e s s i o n .  

More  r e c e n t l y ,   a  v a r i e t y   of  s y n t h e t i c   d iamond  p r o d u c t s  

has  become  a v a i l a b l e   c o m m e r c i a l l y   some  of  which  are  a v a i l a b l e   a s  

p o l y c r y s t a l l i n e   p r o d u c t s .   C r y s t a l l i n e   d i a m o n d s   p r e f e r e n t i a l l y  

f r a c t u r e s   on  ( 1 1 1 ) ,   (110)  and  (100)  p l a n e s   w h e r e a s   PCD  t e n d s   t o  

be   i s o t r o p i c   and  e x h i b i t s   t h i s   same  c l e a v a g e   but  on  a  m i c r o s c a l e  

and  t h e r e f o r e   r e s i s t s   c a t a s t r o p h i c   l a r g e   s c a l e   c l e a v a g e   f a i l u r e .  



The  r e s u l t   is  a  r e t a i n e d   s h a r p n e s s   which  a p p e a r s   to  r e s i s t  

p o l i s h i n g   and  a i d s   in  c u t t i n g .   Such  p r o d u c t s   are  d e s c r i b e d ,   f o r  

e x a m p l e ,   in  U.S.  P a t e n t s   3 , 9 1 3 , 2 8 0 ;   3 , 7 4 5 , 6 2 3 ;   3 , 8 1 6 , 0 8 5 ;  

4 , 1 0 4 , 3 4 4   and  4 , 2 2 4 , 3 8 0 .  

In  g e n e r a l ,   the   PCD  p r o d u c t s   are  f a b r i c a t e d   f r o m  

s y n t h e t i c   a n d / o r   a p p r o p r i a t e l y   s i z e d   n a t u r a l   d iamond  c r y s t a l s  

under  h e a t   and  p r e s s u r e   and  in  the  p r e s e n c e   of  a  s o l v e n t / c a t a l y s t  

to  form  the  p o l y c r y s t a l l i n e   s t r u c t u r e .   In  one  form  of  p r o d u c t ,  

the  p o l y c r y s t a l l i n e   s t r u c t u r e s   i n c l u d e s   s i n t e r i n g   id  m a t e r i a l  

d i s t r i b u t e d   e s s e n t i a l l y   in  the  i n t e r s t i c e s   where  a d j a c e n t  

c r y s t a l s   have  not   bonded  t o g e t h e r .  

In  a n o t h e r   fo rm,   as  d e s c r i b e d   for   example   in  U.  S .  

P a t e n t s   3 , 7 4 5 , 6 2 3 ;   3 , 8 1 6 , 0 8 5 ;   3 , 9 1 3 , 2 8 0 ;   4 , 1 0 4 , 2 2 3   and  4 , 2 2 4 , 3 8 0  

the  r e s u l t i n g   d iamond  s i n t e r e d   p r o d u c t   is  p o r o u s ,   p o r o s i t y   b e i n g  

a c h i e v e d   by  d i s s o l v i n g   out   the  nondiamond  m a t e r i a l   or  at  l e a s t   a 

p o r t i o n   t h e r e o f ,   as  d i s c l o s e d   for  e x a m p l e ,   in  U.  S.  3 , 7 4 5 , 6 2 3 ;  

4 , 1 0 4 , 3 4 4   and  4 , 2 2 4 , 3 8 0 .   For  c o n v e n i e n c e ,   such  a  m a t e r i a l   may  b e  

d e s c r i b e d   as  a  p o r o u s   PCD,  as  r e f e r e n c e d   in  U.S.  4 , 2 2 4 , 3 8 0 .  

P o l y c r y s t a l l i n e   d i amonds   have  been  used  in  d r i l l i n g  

p r o d u c t s   e i t h e r   as  i n d i v i d u a l   compac t   e l e m e n t s   or-  as  r e l a t i v e l y  

t h i n   PCD  t a b l e s   s u p p o r t e d   on  a  cemen ted   t u n g s t e n   c a r b i d e   (WC) 

s u p p o r t   b a c k i n g s .   In  one  form,   the  PCD  compac t   is  s u p p o r t e d   on  a 

c y l i n d r i c a l   s lug   a b o u t   13.3   mm  in  d i a m e t e r   and  abou t   3  mm  l o n g ,  

wi th   a  PCD  t a b l e   of  abou t   0.5  to  0.6  mm  in  c r o s s   s e c t i o n   on  t h e  



face   of  the  c u t t e r .   In  a n o t h e r   v e r s i o n ,   a  s tud   c u t t e r ,   the  PCD 

t a b l e   a l s o   is  s u p p o r t e d   by  a  c y l i n d r i c a l   s u b s t r a t e   of  t u n g s t e n  

c a r b i d e   of  abou t   3  mm  by  13.3  mm  in  d i a m e t e r   by  26mm  in  o v e r a l l  

l e n g t h .   These  c y l i n d r i c a l   PCD  t a b l e   f a c e d   c u t t e r s   have  been  u s e d  

in  d r i l l i n g   p r o d u c t s   i n t e n d e d   to  be  used  in  s o f t   to  m e d i u m - h a r d  

f o r m a t i o n s .  

I n d i v i d u a l   PCD  e l e m e n t s   of  v a r i o u s   g e o m e t r i c a l   s h a p e s  

have  been  used  as  s u b s t i t u t e s   for  n a t u r a l   d i a m o n d s   in  c e r t a i n  

a p p l i c a t i o n s   on  d r i l l i n g   p r o d u c t s .   However ,   c e r t a i n   p r o b l e m s  

a r o s e   wi th   PCD  e l e m e n t s   used  as  i n d i v i d u a l   p i e c e s   of  a  g i v e n  

c a r a t   s i z e   or  w e i g h t .  ' I n   g e n e r a l ,   n a t u r a l   d i a m o n d ,   a v a i l a b l e   i n  

a  wide  v a r i e t y   of  shapes   and  g r a d e s ,   was  p l a c e d   in  p r e d e f i n e d  

l o c a t i o n s   in  a  mold,   and  p r o d u c t i o n   of  the  t o o l   was  c o m p l e t e d   by 

v a r i o u s   c o n v e n t i o n a l   t e c h n i q u e s .   The  r e s u l t   is  the  f o r m a t i o n   o f  

a  m e t a l   c a r b i d e   m a t r i x   which  h o l d s   the  d iamond  in  p l a c e ,   t h i s  

m a t r i x   s o m e t i m e s   being  r e f e r r e d   to  as  a  c rown,   the  l a t t e r  

a t t a c h e d   to  a  s t e e l   b lank   by  a  m e t a l l u r g i c a l   and  m e c h a n i c a l   bond 

formed  d u r i n g   the  p r o c e s s   of  f o rming   the  m e t a l   m a t r i x .   N a t u r a l  

diamond  is  s u f f i c i e n t l y   t h e r m a l l y   s t a b l e   to  w i t h s t a n d   the  h e a t i n g  

p r o c e s s   in  m e t a l   m a t r i x   f o r m a t i o n .  

In  t h i s   p r o c e d u r e   above  d e s c r i b e d ,   the   n a t u r a l   d i a m o n d  

cou ld   be  e i t h e r   s u r f a c e - s e t   in  a  p r e d e t e r m i n e d   o r i e n t a t i o n ,   o r  

i m p r e g n a t e d ,   i . e . ,   d iamond  is  d i s t r i b u t e d   t h r o u g h o u t   the  m a t r i x  

in  g r i t   or  f i n e   p a r t i c l e   f o r m .  



With  e a r l y   PCD  e l e m e n t s ,   p r o b l e m s   a r o s e   in  t h e  

p r o d u c t i o n   of  d r i l l i n g   p r o d u c t s   b e c a u s e   PCD  e l e m e n t s   e s p e c i a l l y  

PCD  t a b l e s   on  c a r b i d e   b a c k i n g   t ended   to  be  t h e r m a l l y   u n s t a b l e   a t  

the  t e m p e r a t u r e   used  in  the  f u r n a c i n g   of  the  m e t a l   m a t r i x   b i t  

c rown,   r e s u l t i n g   in  c a t a s t r o p h i c   f a i l u r e   of  the  PCD  e l e m e n t s   i f  

the  same  p r o c e d u r e s   as  were  used  wi th   n a t u r a l   d iamonds   were  u s e d  

wi th   them.   I t   was  b e l i e v e d   t h a t   the  c a t a s t r o p h i c   f a i l u r e   was  due 

to  t h e r m a l   s t r e s s   c r a c k s   from  the  e x p a n s i o n   of  r e s i d u a l   me ta l   o r  

me ta l   a l l o y   used  as  the  s i n t e r i n g   aid  in  the  f o r m a t i o n   of  the  PCL 

e l e m e n t .  

B r a z i n g   t e c h n i q u e s   were  used  to  f ix   the  c y l i n d r i c a l   PCD 

t a b l e   f a c e d   c u t t e r   i n t o   the  m a t r i x   us ing   t e m p e r a t u r e   u n s t a b l e   PCL 

p r o d u c t s .   B r a z i n g   m a t e r i a l s   a n d  p r o c e d u r e s   were  used  to  a s s u r e  

t h a t   t e m p e r a t u r e s   were  not   r e a c h e d   which  would  cause   c a t a s t r o p h i c  

f a i l u r e   of  the  PCD  e l e m e n t   d u r i n g   the  m a n u f a c t u r e   of  the  d r i l l i n g  

t o o l .   The  r e s u l t   was  t h a t   s o m e t i m e s   the  PCD  c o m p o n e n t s   s e p a r a t e d  

from  the  m e t a l   m a t r i x ,   thus   a d v e r s e l y   a f f e c t i n g   p e r f o r m a n c e   o f  

the  d r i l l i n g   t o o l .  

With  the  a d v e n t   of  t h e r m a l l y   s t a b l e   PCD  e l e m e n t s ,  

t y p i c a l l y   p o r o u s   PCD  m a t e r i a l ,   i t   was  b e l i e v e d   t h a t   such  e l e m e n t s  

could   be  s u r f a c e - s e t   i n t o   the  m e t a l   m a t r i x   much  in  the  same 

f a s h i o n   as  n a t u r a l   d i a m o n d s ,   t hus   s i m p l i f y i n g   the  m a n u f a c t u r i n g  

p r o c e s s   of  the  d r i l l   t o o l ,   and  p r o v i d i n g   b e t t e r   p e r f o r m a n c e   d u e  

to  the  f a c t   t h a t   PCD  e l e m e n t s   were  b e l i e v e d   to  have  a d v a n t a g e s   o f  

l e s s   t e n d e n c y   to  p o l i s h ,   and  l a c k   of  i n h e r e n t l y   weak  c l e a v a g e  



p l a n e s   as  compared   to  n a t u r a l   d i a m o n d .  

S i g n i f i c a n t l y ,   the   c u r r e n t   l i t e r a t u r e   r e l a t i n g   to  p o r o u s  

PCD  c o m p a c t s   s u g g e s t s   t h a t   the  e l e m e n t   be  s u r f a c e - s e t .   The  

p o r o u s   PCD  c o m p a c t s ,   and  t h o s e   sa id   to  be  t e m p e r a t u r e   s t a b l e   up 

to  a b o u t  1 2 0 0 ° C   are  a v a i l a b l e   in  a  v a r i e t y   of  s h a p e s ,   e . g . ,  

c y l i n d r i c a l   and  t r i a n g u l a r .   The  t r i a n g u l a r   m a t e r i a l   t y p i c a l l y   i s  

about   0.3  c a r a t s   in  w e i g h t ,   m e a s u r e s   4mm  on  a  s i d e   and  is  a b o u t  

2.6mm  t h i c k .   I t   is  s u g g e s t e d   by  the  p r i o r   a r t   t h a t   t h e  

t r i a n g u l a r   p o r o u s   PCD  compac t   be  s u r f a c e - s e t   on  the  face   with  a  . 

m in ima l   p o i n t   e x p o s u r e ,   i . e . ,   l e s s   than   0.5mm  above  the  a d j a c e n t  

me ta l   m a t r i x   f ace   for   rock  d r i l l s .   L a r g e r   one  per  c a r a t  

s y n t h e t i c   t r i a n g u l a r   d i amonds   have  a l s o   become  a v a i l a b l e ,  

m e a s u r i n g   6  mm  on  a  s i d e   and  3.7  mm  t h i c k ,   but   no  r e c o m m e n d a t i o n  

has  been  made  as  to  the  d e g r e e   of  e x p o s u r e   for   such  a  d i a m o n d .  

In  the  ca se   of  a b r a s i v e   r o c k ,   i t   is  s u g g e s t e d   by  the  p r i o r   a r t  

t h a t   the  t r i a n g u l a r   e l e m e n t   be  s e t   c o m p l e t e l y  b e l o w   the  m e t a l  

m a t r i x .   For  s o f t   n o n a b r a s i v e   r o c k ,   i t   is  s u g g e s t e d   by  the  p r i o r  

a r t   t h a t   the  t r i a n g u l a r   e l e m e n t   be  s e t   in  a  r a d i a l   o r i e n t a t i o n  

wi th   the  base   at  abou t   the  l e v e l   of  the  m e t a l   m a t r i x .   The  d e g r e e  

of  e x p o s u r e   recommended   thus   d e p e n d e d   on  the  type   o f  r o c k  

f o r m a t i o n   to  be  c u t .  

The  d i f f i c u l t i e s   w i th   such  p l a c e m e n t s   a re   s e v e r a l .   The 

d i f f i c u l t i e s   may  be  u n d e r s t o o d   by  c o n s i d e r i n g   the   d y n a m i c s   of  t h e  

d r i l l i n g   o p e r a t i o n .   In  the  u s u a l   d r i l l i n g   o p e r a t i o n ,   be  i t  

m i n i n g ,   c o r i n g ,   or  o i l   we l l   d r i l l i n g ,   a  f l u i d   such  as  w a t e r ,   a i r  



or  d r i l l i n g   mud  is  pumped  t h r o u g h   the   c e n t e r   of  the   t o o l ,  

r a d i a l l y   o u t w a r d l y   a c r o s s   the  t o o l   f a c e ,   r a d i a l l y   a round   t h e  

o u t e r   s u r f a c e   (gage)   and  t hen   back  up  the   b o r e .   The  d r i l l i n g  

f l u i d   c l e a r s   the  t o o l   f ace   of  c u t t i n g s   and  to  some  e x t e n t   c o o l s  

the  c u t t e r  f a c e .   Where  t h e r e   is  i n s u f f i c i e n t   c l e a r a n c e   b e t w e e n  

the  f o r m a t i o n   cut   and  the  b i t   body,   the   c u t t i n g s   may  not   b e  

c l e a r e d   from  the  f a c e ,   e s p e c i a l l y   where  the  f o r m a t i o n   is  s o f t   o r  

b r i t t l e .   Thus ,   i f   the  c l e a r a n c e   b e t w e e n   the  c u t t i n g  

s u r f a c e - f o r m a t i o n   i n t e r f a c e   and  the  t o o l   body  f ace   is  r e l a t i v e l y  

sma l l   and  i f   no  p r o v i s i o n   is  made  for   c h i p   c l e a -   i c e ,   t h e r e   may 

be  b i t   c l e a r i n g   p r o b l e m s .  

Othe r   f a c t o r s   to  be  c o n s i d e r e d   a re   the  w e i g h t   on  t h e  

d r i l l   b i t ,   n o r m a l l y   the  w e i g h t   of  the   d r i l l   s t r i n g   a n d  

p r i n c i p a l l y   the   w e i g h t   of  the  d r i l l   c o l l a r ,   and  the  e f f e c t   of  t h e  

f l u i d   which  t e n d s   to  l i f t   the   b i t   o f f   the   b o t t o m .   I t   has  b e e n  

r e p o r t e d ,   fo r   e x a m p l e ,   t h a t   the  p r e s s u r e   b e n e a t h   a  diamond  b i t  

may  be  as  much  as  1000  ps i   g r e a t e r   t han   the  p r e s s u r e   above  t h e  

b i t ,   r e s u l t i n g   in  a  h y d r a u l i c   l i f t ,   and  in  some  c a s e s   t h e  

h y d r a u l i c   l i f t   f o r c e   e x c e e d s   50%  of  the  a p p l i e d   load   w h i l e  

d r i l l i n g .  

One  s u r p r i s i n g   o b s e r v a t i o n   made  in  d r i l l   b i t s   h a v i n g  

s u r f a c e - s e t  t h e r m a l l y   s t a b l e   PCD  e l e m e n t s   i s  t h a t   even  a f t e r  

s u f f i c i e n t   e x p o s u r e   of  the  c u t t i n g   f a c e   has  been  a c h i e v e d ,   by  

. r u n n i n g   the   b i t   in  the  ho le   and  a f t e r   a  f r a c i o n   of  the  s u r f a c e   o f  

the  m e t a l   m a t r i x   was  a b r a d e d   away,  the   r a t e   of  p e n e t r a t i o n   o f t e n  



d e c r e a s e s .   E x a m i n a t i o n   of  the  b i t   i n d i c a t e s   u n e x p e c t e d   p o l i s h i n .  

o f  t h e   PCD  e l e m e n t s .   U s u a l l y  R O P   can  be  i n c r e a s e d   by  a d d i n g  

w e i g h t   to  the  d r i l l   s t r i n g   or  r e p l a c i n g   the  b i t .   Adding  w e i g h t  

to  the  d r i l l   s t r i n g   is  g e n e r a l l y   o b j e c t i o n a b l e   b e c a u s e   i t  

i n c r e a s e s   s t r e s s   and  wear  on  the  d r i l l   r i g .   F u r t h e r ,   t r i p p i n g   or 

r e p l a c i n g   the  b i t   is  e x p e n s i v e   s i n c e   the  e c o n o m i c s   of  d r i l l i n g   i n  

normal   c a s e s   are   e x p r e s s e d   in  c o s t   per  f o o t   of  p e n e t r a t i o n .   The 

c o s t   c a l c u l a t i o n   t a k e s   i n t o   a c c o u n t   the  b i t   c o s t   p l u s   the  r i g  

c o s t  i n c l u d i n g   t r i p   t ime  and  d r i l l i n g   t ime  d i v i d e d   by  the   f o o t a g e  

d r i l l e d .  

C l e a r l y ,   i t   is  d e s i r a b l e   to  p r o v i d e   a  d r i l l i n g   t o o l  

hav ing   t h e r m a l l y   s t a b l e   PCD  e l e m e n t s   and  which  can  b e  

m a n u f a c t u r e d   at  r e a s o n a b l e   c o s t s   and  which  w i l l   p e r f o r m   wel l   i n  

te rms  of  l e n g t h   of  b i t   l i f e . a n d   r a t e   of  p e n e t r a t i o n .  

It   is  a l s o   d e s i r a b l e   to  p r o v i d e   a  d r i l l i n g   t o o l   h a v i n g  

t h e r m a l l y   s t a b l e   PCD  e l e m e n t s   so  l o c a t e d   and  p o s i t i o n e d   in  t h e  

face   of  the  t o o l   as  to  p r o v i d e   c u t t i n g   w i t h o u t   a  long  r u n - i n  

p e r i o d ,   and  one  which  p r o v i d e s   a  s u f f i c i e n t   c l e a r a n c e   b e t w e e n   t h e  

c u t t i n g   e l e m e n t s   and  the  f o r m a t i o n   for   e f f e c t i v e   f low  of  d r i l l i n g  

f l u i d   and  for   c l e a r a n c e   of  c u t t i n g s .  

R u n - i n   in  d iamond  b i t s   is  r e q u i r e d   to  b r e a k   of f   the  t i p  

or  p o i n t   of  the  t r i a n g u l a r   c u t t e r   b e f o r e   e f f i c i e n t   c u t t i n g   c a n  

b e g i n .   The  amount   of  t i p   l o s s   is  a p p r o x i m a t e l y   e q u a l   to  t h e  

t o t a l   e x p o s u r e  o f   n a t u r a l   d i a m o n d s .   T h e r e f o r e ,   an  e x t r e m e l y  



l a r g e   i n i t i a l   e x p o s u r e   is  r e q u i r e d   for   s y n t h e t i c   d i amonds   a s  

compared  to  n a t u r a l   d i a m o n d s .   T h e r e f o r e ,   to  accommoda te   e x p e c t e d  

w e a r i n g   d u r i n g   d r i l l i n g ,   to  a l low  for   t i p   r e m o v a l   d u r i n g   r u n - i n ,  

and  to  p r o v i d e   f low  c l e a r a n c e   n e c e s s a r y ,   s u b s t a n t i a l   i n i t i a l  

c l e a r a n c e   is  n e e d e d .  

S t i l l   a n o t h e r   a d v a n t a g e   is  the   p r o v i s i o n   of  a  d r i l l i n g  

t o o l   in  which   t h e r m a l l y   s t a b l e   PCD  e l e m e n t s   of  a  d e f i n e d  

p r e d e t e r m i n e d   g e o m e t r y   are   so  p o s i t i o n e d   and  s u p p o r t e d   in  a  m e t a l  

m a t r i x   as  to  be  e f f e c t i v e l y   l o c k e d   i n t o   the  m a t r i x   in  o r d e r   t o  

p r o v i d e   r e a s o n a b l y   long  l i f e   of  the  t o o l i n g   by  p r e v e n t i n g   l o s s   o f  

PCD  e l e m e n t s   o t h e r   than   by  normal   w e a r .  

I t   is   a l s o   d e s i r a b l e   to  p r o v i d e   a  d r i l l i n g   t o o l   h a v i n g  

t h e r m a l l y   s t a b l e   PCD  e l e m e n t s   so  a f f i x e d   in  the  t o o l   t h a t   i t   i s  

u s a b l e   in  s p e c i f i c   f o r m a t i o n s   w i t h o u t   the  n e c e s s i t y   o f  

s i g n i f i c a n t l y   i n c r e a s e d   d r i l l   s t r i n g   w e i g h t ,   b i t   t o r q u e ,   o r  

s i g n i f i c a n t   i n c r e a s e s   in  d r i l l i n g   f l u i d   f low  or  p r e s s u r e ,   a n d  

which  w i l l   d r i l l   at   a  h i g h e r   ROP  than   c o n v e n t i o n a l   f i t s   under  t h e  

same  d r i l l i n g   c o n d i t i o n s .  

B r i e f   Summary  of  the  I n v e n t i o n  

The  p r e s e n t   i n v e n t i o n   is  an  i m p r o v e m e n t   in  a  r o t a t i n g  

b i t   h a v i n g   a  b i t   f ace   and  c e n t e r   i n c l u d i n g   a  p l u r a l i t y   o f  

p o l y c r y s t a l l i n e   d iamond  (PCD)  e l e m e n t s   d i s p o s e d   in  a  

c o r r e s p o n d i n g   p l u r a l i t y   of  t e e t h   w h e r e i n   each  t o o t h   c o m p r i s e s   a 



p r o j e c t i o n   e x t e n d i n g   from  the  f a c e   of  the  b i t   i n c l u d i n g   a 

t r a i l i n g   s u p p o r t   i n t e g r a l   w i th   the  m a t r i x   m a t e r i a l   of  the  b i t  

face   c o n t i g u o u s   wi th   a t  l e a s t   the  t r a i l i n g   f ace   of  t h e  

p o l y c r y s t a l l i n e   diamond  e l e m e n t .   The  t r a i l i n g   s u p p o r t   i s  

p a r t i c u l a r l y   c h a r a c t e r i z e d   as  h a v i n g   a  t a p e r e d   l o n g i t u d i n a l   c r o  

s e c t i o n   s u b s t a n t i a l l y   c o n g r u o u s   wi th   the  p o l y c r y s t a l l i n e   d i a m o n  

e l e m e n t   at  the  p l a n e   of  c o n t i g u o u s   c o n t a c t   be tween   the  e l e m e n t  

and  the  t r a i l i n g   s u p p o r t   and  t a p e r i n g   t h e r e f r o m   to  a  p o i n t   on  t  

face   of  the   b i t   to  form  a  t e a r d r o p - s h a p e d   e l e m e n t .  

T h e s e  a n d   o t h e r   a s p e c t s   in  v a r i o u s   e m b o d i m e n t s   of  t h e  

p r e s e n t   i n v e n t i o n   can  b e t t e r   be  u n d e r s t o o d   b y  r e v i e w i n g   t h e  

f o l l o w i n g   F i g u r e s   in  l i g h t   of  the  f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n .  

B r i e f   D e s c r i p t i o n   of  the  D r a w i n g s  

F i g u r e   1  is  a  l o n g i t u d i n a l   c r o s s   s e c t i o n   t aken   t h r o u g h  

l i n e   1-1  o f  F i g u r e   2  showing   a  t o o t h   in  a  b i t   d e v i s e d   a c c o r d i n g  

to  the  p r e s e n t   i n v e n t i o n .  

F i g u r e   2  is  a  p l a n   o u t l i n e   of  the  f i r s t   embod imen t   o f  

the  t o o t h .  

F i g u r e   3  is  a  p e r p e n d i c u l a r   c r o s s   s e c t i o n   t a k e n   t h r o u g h  

a  l i n e   3-3  of  F i g u r e   2 .  

F i g u r e   4  i s   a  l o n g i t u d i n a l   c r o s s   s e c t i o n   t aken   t h r o u g h  



l i n e   4-4  of  F i g u r e   6  of  a  second   embodiment   of  the  p r e s e n t  

i n v e n t i o n .  

F i g u r e   5  is  a  p e r p e n d i c u l a r   c r o s s   s e c t i o n   t a k e n   t h r o u g h  

l i n e   5-5  of  F i g u r e   6 .  

F i g u r e   6  is  a  p l an   o u t l i n e   of  the  s econd   embod imen t   o f  

the  p r e s e n t   i n v e n t i o n   shown  in  F i g u r e s   4  and  5 .  

F i g u r e   7  is  a  p lan   o u t l i n e   of  a  t h i r d   embod imen t   of  t h e  

p r e s e n t   i n v e n t i o n .  

F i g u r e   8  is   a  d i a g r a m m a t i c   p lan   view  of  a  co re   m i n i n g  

b i t   u t i l i z i n g   t e e t h   made  a c c o r d i n g   to  the  t h i r d   e m b o d i m e n t  

i l l u s t r a t e d   in  F i g u r e   7 .  

F i g u r e   9  is  a  d i a g r a m m a t i c   p l an   view  of  a  co re   m i n i n g  

b i t   e m p l o y i n g   t e e t h   made  a c c o r d i n g   to  the  f i r s t   e m b o d i m e n t  o f   t h e  

i n v e n t i o n   i l l u s t r a t e d   in  F i g u r e s   1 - 3 .  

F i g u r e   10  i s   a  p i c t o r i a l   p e r s p e c t i v e   of  a  p e t r o l e u m   b i t  

i n c o r p o r a t i n g   t e e t h   of  the   p r e s e n t   i n v e n t i o n .  

D e t a i l e d   D e s c r i p t i o n   of  the  P r e f e r r e d   E m b o d i m e n t s  

The  p r e s e n t   i n v e n t i o n   is  an  i m p r o v e m e n t   in  c u t t i n g   t e e t h  

in  diamond  b i t s   i n  w h i c h   a  p o l y c r y s t a l l i n e   d i a m o n d  e l e m e n t  



( h e r e i n a f t e r   PCD  e l e m e n t )   is  d i s p o s e d .   Such  e l e m e n t s   a r e  

t y p i c a l l y   t r i a n g u l a r l y   p r i s m a t i c   in  shape  wi th   e q u i l a t e r a l ,  

t r i a n g u l a r   and  p a r a l l e l   o p p o s i n g   f a c e s   a p p r o x i m a t e l y   4.0  mm  on  a 

s ide   and  a  t h i c k n e s s   be tween   the  t r i a n g u l a r   f a c e s   o f  

a p p r o x i m a t e l y   2.6  m i l l i m e t e r s .   Such  a  PCD  e l e m e n t   is  p r e s e n t l y  

m a n u f a c t u r e d   by  G e n e r a l   E l e c t r i c   Company  under   the  t r a d e m a r k ,  

GEOSET  2102.   A  somewhat   l a r g e r  d i a m o n d   e l e m e n t   is  so ld   by  

G e n e r a l   E l e c t r i c   Co.  under   the  t r a d e m a r k   GEOSET  2103  and  m e a s u r e s  

6.0  mm  on  a  s i d e   and  3.7  mm  t h i c k .   The  s m a l l   s i z e   of  s u c h  P C D  

e l e m e n t s   and  the  t r e m e n d o u s   s t r e s s e s   to  which  they  are  s u b j e c t e d  

when  u t i l i z e d   in  a  min ing   or  p e t r o l e u m   d r i l l   b i t   makes  the  s e c u r e  

r e t e n t i o n   of  t h e s e   e l e m e n t s   on  the  b i t   f ace   e x t r e m e l y   d i f f i c u l t .  

On  the  o t h e r   hand ,   as  much  of  the  PCD  e l e m e n t   as  p o s s i b l e   s h o u l d  

be  exposed   for  u s e f u l   c u t t i n g   a c t i o n .  

The  p r e s e n t   i n v e n t i o n   is  i l l u s t r a t e d   h e r e i n   in  t h r e e  

embod imen t s   w h e r e i n   the  f i r s t   e m b o d i m e n t ,   a  t e a r d r o p - s h a p e d   t o o t h  

p r o j e c t i n g   from  the  b i t   f a c e ,   is  p r o v i d e d   in  which  the  PCD 

e l e m e n t   is  d i s p o s e d .   In  the  f i r s t   e m b o d i m e n t ,   a  p r e p a d   f o rming   a  

g e n e r a l l y   b u l b o u s   s u p p o r t i n g   m a t r i x   in  f r o n t   of  the  l e a d i n g   f a c e  

of  the  PCD  e l e m e n t   is  p r o v i d e d   in  a d d i t i o n   to  a  t e a r d r o p - s h a p e  

and  t a p e r i n g   t r a i l i n g   s u p p o r t .   A  p r e p a d   is  p r e f e r r e d   in  m i n i n g  

b i t s   s i n c e   the  h igh   rpm  at  which  such  b i t s   o f t e n   o p e r a t e   se t   up 

h a r m o n i c s   which  can  o t h e r w i s e   l o o s e n   the  PCD  e l e m e n t .   I n  

p e t r o l e u m   b i t s   where  rpm  is  l o w e r ,   t h e e   t e a r d r o p   t r a i l i n g   s u p p o r t  

W i t h o u t   a  p r e p a d   is  p r e f e r r e d   to  m i n i m i z e   the  amount  of  m a t r i x  

m a t e r i a l   which  c a n  i n t e r f a c e   wi th   c u t t i n g   by  the  d iamond  e l e m e n t .  



In  a  second   and  t h i r d   embodiment   the  t r i a n g u l a r   p r i s m a t i c   PCD 

e l e m e n t   is  r o t a t e d   to  p r e s e n t   an  i n c l i n e d   s i d e   as  the  l e a d i n g  

face   and  the  PCD  e l e m e n t   is  s u p p o r t e d   in  a  t a n g e n t i a l   s e t   and  

s u b s t a n t i a l l y   f u l l y   exposed   above  the  b i t   m a t r i x   f a c e   by  a 

t e a r d r o p   t r a i l i n g   s u p p o r t .   In  the  second   e m b o d i m e n t ,   t h e  

t r a i l i n g   s u p p o r t   is  g e n e r a l l y   t r i a n g u l a r   wh i l e   in  the  t h i r d  

embodiment   the  t r a i l i n g   s u p p o r t   is  rounded   and  more  c y l i n d r i c a l .  

The  d e t a i l s   of  the   p r e s e n t   i n v e n t i o n   and  i t s   v a r i o u s   e m b o d i m e n t s  

are  b e t t e r   u n d e r s t o o d   by  c o n s i d e r i n g   the   above  d e s c r i b e d   F i g u r e s  

in  d e t a i l .  

R e f e r r i n g   now  to  F i g u r e   1,  a  l o n g i t u d i n a l  s e c t i o n  

t h r o u g h   l i n e   1-1  of  F i g u r e   2  of  the  f i r s t   embod imen t   of  t h e  

i n v e n t i o n   i s  i l l u s t r a t e d .   Bi t   f ace   10  is   the  s u r f a c e   of  the  b i t  

below  which  m a t r i x   m a t e r i a l   12  e x t e n d s   f o r m i n g   the   g e n e r a l   b i t  

body.   A c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n ,   a  p r o j e c t i o n ,  

g e n e r a l l y   d e n o t e d   by  r e f e r e n c e   n u m e r a l   14,  is  p r o v i d e d   and  

e x t e n d s   from  b i t   f a c e   10  to  form  a  t o o t h .   A  PCD  e l e m e n t   16  i s  

d i s p o s e d  w i t h i n   p r o j e c t i o n   or  t o o t h   14.  As  d e s c r i b e d   above ,   a 

common  c o n f i g u r a t i o n   for  s y n t h e t i c   PCDs  is   an  e q u i l a t e r a l  

t r i a n g u l a r   p r i s m a t i c   shape  h a v i n g   four   m i l l i m e t e r   s i d e s   18  shown 

in  F i g u r e   3  and  a  t h i c k n e s s   20  of  a p p r o x i m a t e l y   2.6  m i l l i m e t e r s .  

C l e a r l y ,   the   e x a c t   n u m e r i c   d i m e n s i o n s   of  PCD  e l e m e n t   16  a r e  

g e n e r a l l y   a r b i t r a r y ,   a l t h o u g h   t hey   do  d e f i n e   p r a c t i c a l   p a r a m e t e r s  

wi th   which  a  b i t   d e s i g n e r   must   work  in  the   d e s i g n   of  c u t t i n g  

t e e t h .  



Tooth   14  is  p a r t i c u l a r l y   c h a r a c t e r i s e d   in  the  f i r s t  

embodiment   of  F i g u r e s   1-3  by  a  b u l b o u s   p r e p a d   22.,  shown  i n  

F i g u r e s   1  and  2,  hav ing   a  t h i c k n e s s   24.  P r e p a d   22  e x t e n d s   f r o m  

p o i n t   26  on  b i t   face   10  to  the  a p i c a l   r i d g e   28  of  t o o t h   14.  PCD 

e l e m e n t   16  is  s e t   in  t o o t h   14  in  a  r a d i a l  s e t   such  t h a t   i t s  

l e a d i n g   f ace   3 0  i s   one  of  the  e q u i l a t e r a l   t r i a n g u l a r   f a c e s ,   a s  

shown  in  F i g u r e   3,  t aken   t h r o u g h   l i n e   3-3  of  F i g u r e   2.  L e a d i n g  

face   30  i s   a d j a c e n t   and  c o n t i g u o u s   to  the  t r a i l i n g   f ace   of  p r e p a d  

22  which  p r o v i d e s   l e a d i n g   s u p p o r t   and  c u s h i o n i n g   for  the  m o r e  

f r i a b l e   d iamond  m a t e r i a l   of  PCD  e l e m e n t   16.  M a t r i x   m a t e r i a l   12 

is  of  a  c o n v e n t i o n a l   t u n g s t e n   c a r b i d e   s i n t e r e d   m i x t u r e   a n d  

a l t h o u g h   s o f t e r   than  PCD  e l e m e n t   16,  is  s u b s t a n t i a l l y   m o r e  

r e s i l i e n t ,  a n d  t h e   f r i a b i l i t y   of  t o o t h   14  as  a  whole  is  l i m i t e d   by 

the  f r i a b i l i t y   of  PCD  e l e m e n t   1 6 .  

A  t r a i l i n g   s u p p o r t   32  is   p r o v i d e d   b e h i n d   and  c o n t i g u o u s  

to  t r a i l i n g   f ace   34  of  PCD  e l e m e n t   16.  T r a i l i n g   s u p p o r t   32  i s  

b e t t e r   shown  in  p l a n . o u t l i n e   in  F i g u r e   2  and  has  a  g e n e r a l l y  

t e a r - d r o p   shape   which  g r a d u a l l y   t a p e r s   from  the  g e n e r a l l y  

t r i a n g u l a r   c r o s s   s e c t i o n   of  t r a i l i n g   f ace   3 4  t o   a  p o i n t   36  on  b i t  

face   10.  T r a i l i n g   s u p p o r t   32  has  a  l e n g t h   38  s u f f i c i e n t   t o  

p r o v i d e   a d e q u a t e   back  s u p p o r t   to  PCD  e l e m e n t   16  to  p r e v e n t  

f r a c t u r e s   of  e l e m e n t   16  when  e l e m e n t   16  is  s u b j e c t e d   to  the  h i g h  

t a n g e n t i a l   s t r e s s e s   e n c o u n t e r e d   d u r i n g   the  o p e r a t i o n   of  r o t a r y  

b i t   on  which  t o o t h   14  is  fo rmed .   R e f e r r i n g   p a r t i c u l a r l y   t o  

F i g u r e   2,  a  p l a n   o u t l i n e   of  t o o t h   14  i s   i l l u s t r a t e d .   A  PCD 

e l e m e n t   16  e x t e n d s   from  l e a d i n g   f a c e  3 0   a long   e n t i r e   m i d s e c t i o n  



28  of  t o o t h   14  to  t r a i l i n g   f ace   34  of  e l e m e n t   16,  which  is  t h e n  

s u p p o r t e d   and  c o n t i g u o u s   wi th   a  s u b s t a n t i a l l y   c o n g r u o u s   t r a i l i n g  

s u p p o r t   32  t a p e r i n g   down  to  p o i n t   36  on  b i t   f ace   1 0 .  

By  r e a s o n   of  the  c o m b i n a t i o n   of  e l e m e n t s   s e t   f o r t h   i n  

the  f i r s t   embod imen t   i l l u s t r a t e d   in  F i g u r e s   1-3 ,   a  s u b s t a n t i a l  

p o r t i o n   of  the   e n t i r e   h e i g h t   40  of  PCD  e l e m e n t   16  can  be  e x p o s e d  

above  the  l e v e l   of  b i t   f ace   10,  t h e r e b y   e x t e n d i n g   the  u s e f u l   l i f e  

of  t o o t h   14  and  m a x i m i z i n g   the  u t i l i z a t i o n   of  c u t t i n g   and  w e a r i n c  

a c t i o n   of  PCD  e l e m e n t   16.  In  the  p r e f e r r e d   e m b o d i m e n t ,   the  PCD 

e l e m e n t   is  p o s i t i o n e d   in  the  t o o t h ,   b u t  a   p o r t i o n   of  the  PCD 

e x t e n d s   below  the  b i t   face   and  is  p a r t l y   s u p p o r t e d   by  the  b i t  

face   in  a d d i t i o n   to  key  be ing   s u p p o r t e d   by  the  t o o t h .   Then,   a s  

the  t o o t h   w e a r s ,   as  i t   n o r m a l l y   w i l l ,   the  PCD  s t i l l   r e m a i n s  

s u p p o r t e d   in  the  f a c e .   Such  an  a r r a n g e m e n t   a l s o   a l l o w s   the  PCD 

to  be  d i s p o s e d   wi th   s u f f i c i e n t l y   g r e a t   h e i g h t   above  the  b i t   f a c e  

than  is   the   case   wi th   c o n v e n t i o n a l l y   s u r f a c e - s e t   s p h e r o i d a l  

diamond  in  which  abou t   2/3  of  the   d iamond  is   n o r m a l l y   l o c a t e d  

below  the  f a c e .  

F i g u r e s   4-6  i l l u s t r a t e   a  second   embod imen t   of  t h e  

p r e s e n t   i n v e n t i o n   w h e r e i n   PCD  e l e m e n t   42,  which  is  of  the  same 

s i z e   and  s h a p e  a s   e l e m e n t   16  shown  and  d e s c r i b e d   in  c o n n e c t i o n  

wi th   f i r s t   embod imen t   f i g u r e s   1 - 3 ,   is  s e t   in  a  t o o t h ,   g e n e r a l l y  

d e n o t e d   by  r e f e r e n c e   numera l   44  in  a  t a n g e n t i a l   s e t .   In  o t h e r  

words ,   e l e m e n t   42  is  r o t a t e d   9 0 0  f r o m   the   o r i e n t a t i o n   i l l u s t r a t e d  

in  F i g u r e s   1-3  so  t h a t   the  l e a d i n g   f ace   o f   e l e m e n t   42  is  one  o f  



the  s i d e s   of  the   t r i a n g u l a r   shaped   e l e m e n t .   Thus,   as  shown  i n  

the  l o n g i t u d i n a l   s e c t i o n   of  F i g u r e   4  t a k e n   t h r o u g h   l i n e   4-4  o f  

F i g u r e   6,  one  of  the  e q u i l a t e r a l   t r i a n g u l a r   f a c e s   46  is  d i s p o s e d  

s u b s t a n t i a l l y   p e r p e n d i c u l a r   to  c u t t i n g   d i r e c t i o n   48  and  r a k e d  

b a c k w a r d l y   so  t h a t   exposed   s i d e   50  is  t i l t e d   a p p r o x i m a t e l y   1 5 0  

backward   from  the  v e r t i c a l .   The  backward   rake  of  PCD  e l e m e n t   42 

is  chosen   to  max imize   the  s h e a r i n g   a c t i o n   of  e l e m e n t   42  a g a i n s t  

the  rock  f o r m a t i o n   a c c o r d i n g   to  each  a p p l i c a t i o n   for  which  t h e  

r o t a r y   b i t   is  d e s i g n e d .   The  i n c l i n a t i o n   i l l u s t r a t e d   in  F i g u r e   4 ,  

however ,   has  been  chosen   only  for   the  p u r p o s e s   of  e x a m p l e .  

As  shown  in  F i g u r e   4,  a  l e a d i n g   edge  52  of  e l e m e n t   42  i s  

d i s p o s e d   and  embedded  w i t h i n   b i t   face   10  s i n c e   t h e r e   is  no 

p r e p a d .   As  a  p r a c t i c a l   m a t t e r ,   l i t t l e   c u t t i n g   a c t i o n   w i l l   o c c u r  

a f t e r   the  t e e t h   of  a  r o t a t i n g   b i t   have  worn  down  to  b i t   f ace   1 0 .  

E lement   42  is  s i m i l a r l y   s u p p o r t e d   by  a  t e a r d r o p - s h a p e d  

t r a i l i n g   s u p p o r t   54,  b e s t   shown  in  l o n g i t u d i n a l   s e c t i o n   in  F i g u r e  

4  and  in  p l an   view  in  F i g u r e   6.  As  b e s t   shown  in  F i g u r e   6 ,  

t r a i l i n g   s u p p o r t   54  is   c h a r a c t e r i s e d   by  a  t r i a n g u l a r   a p i c a l   r i d g e  

56  e x t e n d i n g   from  and  t a p e r i n g   from  e l e m e n t   4 2  t o   a  p o i n t   58  on  

b i t   face   10.  In  a d d i t i o n ,   as  b e s t   i l l u s t r a t e d   in  F i g u r e   5,  w i d t h  

60  of  e l e m e n t   4 2  i s   n a r r o w e r   than   w id th   62  of  t o o t h   4 4 .  

T h e r e f o r e ,   m a t r i x   m a t e r i a l   12  is   p r o v i d e d   on  each  s i de   of  e l e m e n t  

42  p r o v i d i n g   a  m e a s u r e   of  l a t e r a l   s u p p o r t   as  wel l   as  t a n g e n t i a l  

s u p p o r t .   T h e r e f o r e ,   as  seen  in  F i g u r e   6,  the  l e a d i n g   f ace   o f  

t o o t h   44  m a y  a l s o   i n c l u d e   f l a t   m a t r i x   p o r t i o n s   64  on  each  s i de   o f  

e l e m e n t   52  l e a d i n g   to  the  top  of  a p i c a l   r i d g e   56.  In  p r a c t i c e ,  



a p i c a l   r i d g e   56  may  not   be  s h a r p l y   d e f i n e d   at  or  near   the  top  o f  

e l e m e n t   42  as  i l l u s t r a t e d   in  F i g u r e   6.  Thus,   r i d g e   56  may  n o t  

assume  a  s h a r p   d e f i n e d   o u t l i n e   u n t i l   some  d i s t a n c e   beh ind   the  t o p  

edge  66  of  e l e m e n t   42.  In  such  a  c a s e ,   the  amount  of  t a n g e n t i a l  

s u p p o r t   p r o v i d e d   by  t e a r   d rop   shaped  t o o t h   44  is  m i n i m i z e d   a t  

edge  66  and  i n c r e a s e s   t o w a r d s   b i t   f ace   1 0 .  

T h e  t h i r d   embod imen t   as  i l l u s t r a t e d   in  F i g u r e   7  p r o v i d e s  

a d d i t i o n a l   s u p p o r t   to  a  t a n g e n t i a l l y   s e t   PCD  e l e m e n t   6 8 .  

R e f e r r i n g   to  F i g u r e   7,  PCD  e l e m e n t   68  is  s e t   w i t h i n   t o o t h   70  i n  

s u b s t a n t i a l l y   the  same  manner  as  e l e m e n t   42  is   s e t   w i t h i n   t o o t h  

44  of  the  second   embod imen t   of  F i g u r e s   4-6 .   However ,   in  t h e  

t h i r d   embod imen t   of  F i g u r e   7,  t o o t h   70  is   p r o v i d e d   wi th   a  r o u n d e d  

or  g e n e r a l l y   c y l i n d r i c a l   upper  s u r f a c e   as  shown  by  the  c u r v e d  

o u t l i n e   of  l a t e r a l   m a t r i x   f a c e s   72  on  each  s i d e   of  the  l e a d i n g  

face   of  t o o t h   70.  In  a d d i t i o n ,   the   d e g r e e   of  t a p e r i n g   of  t o o t h  

70  to  p o i n t   74  i s   more  g r a d u a l   and  rounded   as  shown  by  the  p l a n  

o u t l i n e   of  F i g u r e   7  t h e r e b y   p r o v i d i n g   an  i n c r e a s e d   amount  o f  

m a t r i x   m a t e r i a l   b e h i n d   P C D  e l e m e n t   68  as  compared   wi th   the  s e c o n d  

embodiment   of  F i g u r e s   4 - 6 .  

Each  of  the  f i r s t ,   second   and  t h i r d   e m b o d i m e n t s  

i l l u s t r a t e d   in  F i g u r e s   1 - 7 ,   s h a r e   the  common  c h a r a c t e r i s t i c   o f  

hav ing   a  t e a r d r o p - s h a p e   and  t a p e r i n g   t r a i l i n g   s u p p o r t .   T h i s ,  

t h e n ,   m i n i m i z e s   the   amount   of  t u n g s t e n   c a r b i d e   m a t r i x   m a t e r i a l   12 

w i t h i n  t h e   t o o t h   which   must   be  worn  away  b e f o r e   the  PCD  e l e m e n t  

is  exposed   for   u s e f u l   c u t t i n g   a c t i o n   o r  · w h i c h   must   c o n t i n u e   t o  b e  



worn  away  as  the  c u t t i n g   a c t i o n   p r o c e e d s .   However ,   the  PCD 

e l e m e n t   in  each  case  must  be  s u p p o r t e d   at  l e a s t   on  i t s   t r a i l i n g  

s u r f a c e   as  much  as  p o s s i b l e   to  p r e v e n t   the  t a n g e n t i a l l y   a p p l i e d  

r e a c t i v e   f o r c e s   d u r i n g   d r i l l i n g   from  d i s l o d g i n g   the  PCD  e l e m e n t  

from  the  b i t   f a c e .   The  t e a r d r o p - s h a p e d   and  t a p e r i n g   t o o t h  

o u t l i n e   as  d e s c r i b e d   h e r e i n   p r o v i d e s   an  optimum  t o o t h   shape  f o r  

m a x i m i z i n g   the  r e t e n t i o n   of  the  PCD  e l e m e n t   on  b i t   f ace   10  a n d  

t h e r e b y   e x t e n d i n g   the  u s e f u l   l i f e   of  a  r o t a r y   b i t   i n c o r p o r a t i n g  

such  diamond  c u t t e r s .  

F i g u r e   8  i l l u s t r a t e s   a  p l an   d i a g r a m m a t i c   view  of  a  t e s t  

min ing   core   b i t   employ ing   t e e t h   of  the  t h i r d   embodiment   of  F i g u r e  

7.  S i m i l a r l y ,   F i g u r e   9  i s  a   s i m p l i f i e d   d i a g r a m m a t i c   p lan   view  o f  

a  t e s t   min ing   core   b i t   e m p l o y i n g   the  t e e t h   of  the  f i r s t  

embod imen t   of  F i g u r e s   1 - 3 .  I n   each  c a s e ,   a  t e s t   min ing   core   b i t  

has  been  used  only   for  the  p u r p o s e s   of  example   and  i t   must  b e  

u n d e r s t o o d   t h a t   the  same  t o o t h   d e s i g n   can  be  used  on  c o n v e n t i o n a l  

and  more  complex   t o o t h   c o n f i g u r a t i o n   p a t t e r n s   wel l   known  in  t h e  

a r t   w i t h o u t   d e p a r t i n g   from  t h e   s p i r i t   and  the  scope   of  t h e  

p r e s e n t   i n v e n t i o n .   The  e x a m p l e s   o f  F i g u r e s   8  and  9  have  b e e n  

shown  only   for   the  p u r p o s e s   of  c o m p l e t e n e s s   of  d e s c r i p t i o n   t o  

i l l u s t r a t e   how  the  t e e t h   of  the   p r e s e n t   i n v e n t i o n   can  be  used  i n  

a  r o t a r y   b i t .   The  i l l u s t r a t e d   e m b o d i m e n t   s h o u l d   not  t h u s  b e  

t a k e n   as  a  l i m i t a t i o n   to  a  s p e c i f i c   t ype   of  b i t   or  t o o t h   p a t t e r n .  

T u r n i n g   now  to  F i g u r e   8,  a  r o t a r y   b i t ,  g e n e r a l l y   d e n o t e d  

by  r e f e r e n c e   n u m e r a l   76,  is  shown  in  the   form  of  a  m i n i n g   c o r e  



b i t   hav ing   an  o u t e r   gage  78  and  i n n e r   gage  80.  Such  inner   a n d  

o u t e r   gages   78  and  80  may  a l s o   i n c l u d e   PCD  e l e m e n t s   f l u s h l y   s e t  

t h e r e i n   in  a  c o n v e n t i o n a l   manner   to  m a i n t a i n   the  gage  d i a m e t e r s .  

f a c e   82  of  b i t   76  is  thus   d i v i d e d   i n t o   four   s y m m e t r i c   s e c t o r s   o f  

9 0  e a c h .   Each  s e c t o r   i n c l u d e s   e i g h t   t e e t h   of  the  type  a n d  

d e s c r i p t i o n   shown  in  c o n n e c t i o n   wi th   F i g u r e   7.  The  l e a d i n g   and  

r a d i a l l y   o u t e r m o s t   t o o t h   84  is  r a d i a l l y   d i s p o s e d   on  f ace   82  s o  

t h a t   the  PCD  e l e m e n t   t h e r e i n   is  j u s t   s e t   in  bore  o u t e r   gage  78  t o  

d e f i n e   and  cu t   the   o u t e r   gage  of  the  h o l e .   S i m i l a r l y ,   t h e  

i n n e r m o s t   l e a d i n g   t o o t h   86  is   d i s p o s e d   on  b i t   face   82  o p p o s i t e  

t h a t   of  t o o t h   84  in  a  s i m i l a r   manner  such  t h a t   a  PCD  e l e m e n t   86 

d e f i n e s   and  c u t s   the  i n n e r   gage  of  t h e - h o l e .   The  r e m a i n i n g  

i n t e r m e d i a t e   t e e t h   88-94  are  s e q u e n t i a l l y   s e t   at  i n c r e a s i n g  

a n g u l a r   d i s p l a c e m e n t s   b e h i n d   l e a d i n g   t o o t h   84  and  at  r a d i a l   s t e p s  

toward   c e n t e r   99  of  b i t   76  to  form  a  s e r i e s   of  r a d i a l l y   o f f s e t  

c u t t i n g   e l e m e n t s   to  sweep  the  e n t i r e   w id th   of  b i t   f ace   82  b e t w e e n  

o u t e r   gage  78  and  i n n e r   gage  8 0 .   The  s e q u e n t i a l   s e r i e s   of  t e e t h  

88-94  is  f o l l o w e d   by  a  r e d u n d a n t   i n n e r m o s t   t o o t h   96  which  i s  

r a d i a l l y   s e t   in  the  same  manner   as  l e a d i n g   i n n e r m o s t   t o o t h   8 6 .  

S i m i l a r l y ,   a  r a d i a l l y   t r a i l i n g   o u t e r m o s t   t o o t h   98  is  r a d i a l l y   s e t  

in  the  same  manner   as  l e a d i n g   t o o t h   84  to  p r o v i d e   a  r e d u n d a n t  

c u t t i n g   e l e m e n t   fo r   the  o u t e r   gage  78.  T y p i c a l l y ,   t o o t h   l o s s   o r  

f a i l u r e   o c c u r s   most   o f t e n   on  the   g a g e s   and  p a r t i c u l a r l y   the  o u t e r  

gage  so  t h a t   r e d u n d a n c y   of  the   t o o t h   p a t t e r n   is  d e s i g n e d   to  o c c u r  

o n   the  g a g e s   so  t h a t   the   c u t t i n g   a c t i o n   can  c o n t i n u e  e v e n   i f   o n e  

o r   more  of  the  gage  t e e t h  a r e   l o s t .  



The  s e c t o r   i l l u s t r a t e d   and  d e s c r i b e d   above  is  r e p e a t e d  

four  t i m e s   a r o u n d   b i t   face   82  t h e r e b y   r e s u l t i n g   in  f u r t h e r  

r e d u n d a n c y .   As  shown  i n  t h e   p lan   view  in  F i g u r e   8,  each  of  t h e  

t e e t h   84,  88-96  may  i n c l u d e   o v e r l a p p i n g   e l e m e n t s   where  t h e  

p o s i t i o n   of  the  t e e t h   on  b i t   face   82  is  such  t h a t  t h e   t e e t h   c rowd  

more  c l o s e l y   t han   t h e i r   p lan   o u t l i n e   would  o t h e r w i s e   f r e e l y  

p e r m i t .   In  such  a  c a s e ,   an  i n t e g r a l   o v e r l a p   is  e s t a b l i s h e d   s u c h  

as  is  d i a g r a m m a t i c a l l y   s u g g e s t e d   in  F i g u r e   8.  Each  of  the  t e e t h  

as  d e s c r i b e d   above  are  i n t e g r a l   wi th   the  u n d e r l y i n g   m a t r i x   and  

s i m i l a r l y ,   are   i n t e g r a l   with  any  o v e r l a p p i n g   m a t r i x   fo rming   an  

a d j a c e n t   t o o t h .   The  c u t t i n g  a c t i o n   of  one  e l e m e n t   is  n o t  

a f f e c t e d   by  the   o v e r l a p p i n g   m a t r i x   m a t e r i a l .   C o r r e s p o n d i n g   t o  

the  t o o t h   of  an  a d j a c e n t   c u t t i n g   e l e m e n t ,   b e c a u s e   s u c h  

o v e r l a p p i n g   m a t e r i a l   is  c o n f i g u r e d   to  g e n e r a l l y   be  d i s p o s e d  

at  a  lower  h e i g h t   than  m a t r i x   m a t e r i a l   of  the  t o o t h   which  i s  

o v e r l a p p e d .   F u r t h e r ,   none  of  the  n e c e s s a r y   t r a i l i n g   s u p p o r t   f o r  

any  of  the  c u t t i n g   e l e m e n t s   is  d e l e t e d   by  v i r t u e   of  the  o v e r l a p  

as  shown  in  F i g u r e   8  and  only  such  a d d i t i o n a l   m a t r i x   m a t e r i a l   i s  

added  beh ind   a  c u t t i n g   e l e m e n t   n e c e s s a r y   to  s u p p o r t  a n   a d j a c e n t  

c u t t i n g   e l e m e n t .   T h e r e f o r e ,   the  i n t e r f e r e n c e   by  the  m a t r i x  

a c t i o n   wi th   e x p o s u r e   of  the  c u t t i n g   e l e m e n t s   is  m i n i m i z e d   w i t h o u t  

any  l o s s   in  the   maximal   s u p p o r t   p r o v i d e d   to  each  c u t t i n g   e l e m e n t  

to  the  t o o t h   s h a p e .  

R e f e r r i n g   now  to  F i g u r e   9,  a n o t h e r   t o o t h   c o n f i g u r a t i o n  

i s   i l l u s t r a t e d   u s ing   the  f i r s t  e m b o d i m e n t   of  F i g u r e s   1-3 ,   a l s o  

i l l u s t r a t e d   in  a  min ing   core   b i t .   A g a i n ,   the   i m p r o v e m e n t s   in  t h e  



t o o t h   shape   are  not   l i m i t e d   to  the   t o o t h   p a t t e r n   and  b i t  

a p p l i c a t i o n   d e s c r i b e d   h e r e i n   and  such  t e e t h   can  be  used  in  m o r e  

complex   m i n i n g ,   c o r i n g   and  p e t r o l e u m   b i t s   wel l   known  to  the  a r t  

w i t h o u t   s i g n i f i c a n t   m o d i f i c a t i o n .   A g a i n ,   b i t   100  i s  

c h a r a c t e r i s e d   by  an  o u t e r   gage  1 0 2 - a n d   an  i n n e r   gage  1 0 4 ,  

i n c l u d i n g   f l u s h l y   d i s p o s e d   gage  c u t t e r s   ( n o t   shown) .   Bi t   f a c e  

106  is  d i v i d e d   i n t o   t h r e e   i d e n t i c a l   and  s y m m e t r i c a l   s e g m e n t s  

s e p a r a t e d   by  w a t e r w a y s   108  w h e r e i n   each  s egmen t   i n c l u d e s   at  l e a s t  

s ix   t e e t h   of  the   type   d e s c r i b e d   in  c o n n e c t i o n   with  F i g u r e s   1 - 3 .  

A  r a d i a l l y   i n n e r m o s t   f i r s t ,   l e a d i n g   t o o t h   110  which   i n c l u d e s   a 

r a d i a l l y   se t   PCD  e l e m e n t   is  f o l l o w e d   in  s e q u e n c e   by  a  s e r i e s   o f  

t e e t h   d i s p o s e d   on  b i t   f ace   106  at   i n c r e a s i n g   r a d i a l   p o s i t i o n s   and  

a n g u l a r   d i s p l a c e m e n t s   beh ind   l e a d i n g   t o o t h   110.  S p e c i f i c a l l y ,  

t e e t h   110-116   span  the  w id th   118  of  b i t   f a c e   106  end ing   in  a n  

o u t e r m o s t   r a d i a l l y   d i s p o s e d   t o o t h   116.  Fewer  t e e t h   are  r e q u i r e d  

in  the  e m b o d i m e n t   of  F i g u r e   9  as  compared   to  F i g u r e   8  i na smuch   a s  

the   t r i a n g u l a r   p r i s m a t i c   PCD  e l e m e n t   is  r a d i a l l y   s e t   in  F i g u r e   9 

and  has  a  w i d t h   of  4  m i l l i m e t e r s   as  compared   to  a  l e a d i n g   w i d t h  

of  2.6  m i l l i m e t e r s   when  t a n g e n t i a l l y   s e t   as  a p p e a r i n g   in  F i g u r e  

8 .  

I n n e r m o s t   l e a d i n g   t o o t h   110  c o r r e s p o n d s   and  is  m a t c h e d  

to  an  o u t e r m o s t   l e a d i n g   t o o t h   120  w h i c h ,   in  c o m b i n a t i o n   w i t h  

t r a i l i n g   t o o t h   116,  r e d u n d a n t l y   s e r v e s   to  d e f i n e   and  cut   o u t e r  

gage  102  of  b i t   100.  S i m i l a r l y ,   t r a i l i n g   o u t e r   t o o t h   116  i s  

d i s p o s e d   o f f s e t   by  and  o p p o s i t e l y   from  a  t r a i l i n g   i n n e r m o s t   t o o t h  

122  which  r e d u n d a n t l y   and  in  c o m b i n a t i o n  w i t h   i n n e r m o s t   l e a d i n g  



t o o t h   110  d e f i n e s   and  cut   i n n e r   gage  104  of  b i t   100.  This  same 

p a t t e r n   is  r e p l i c a t e d   about   the  c i r c u m f e r e n c e   of  b i t   f ace   106 

t h r e e   t imes   to  f u r t h e r   i n c r e a s e   the  c u t t i n g   r e d u n d a n c y .  

Many  m o d i f i c a t i o n s   and  a l t e r a t i o n s   may  be  made  t h o s e  

hav ing   o r d i n a r y   s k i l l   in  the  a r t   w i t h o u t   d e p a r t i n g   from  t h e  

s p i r i t   and  scope  of  the  p r e s e n t   i n v e n t i o n .   For  e x a m p l e ,   F i g u r e   9 

has  shown  a  p a t t e r n   w h e r e i n   a  s e r i e s   of  t e e t h   have  been  e m p l o y e d  

in  a  n o n o v e r l a p p i n g   r e l a t i o n s h i p   b e g i n n i n g   from  i nne r   g a g e  1 0 4   t o  

o u t e r   gage  102.  On  the  o t h e r   hand ,   the  b i t   of  F i g u r e   8  shows  a 

p l u r a l i t y   of  t e e t h   in  an  o v e r l a p p i n g   r e l a t i o n s h i p   in  an  i n w a r d l y  

a i r e c t e d   s p i r a l   b e g i n n i n g   with  o u t e r   gage  78  and  f i n i s h i n g   w i t h  

inner   gage  80.  Thus ,   the  c u t t i n g   a c t i o n   of  the  b i t   of  F i g u r e   8 

w i l l   tend  to  have  an  i n w a r d l y   d i r e c t e d   c o m p o n e n t .   The  c h i p s   w i l l  

tend  to  move  i n w a r d l y   t o w a r d s   the  c e n t e r   of  b i t   76,  w h i l e   t h e  

t o o t h   p a t t e r n   of  F i g u r e   9  has  a  r a d i a l l y   o u t w a r d   d i r e c t e d  

component   and  w i l l   tend  to  move  the  cut   c h i p s   o u t w a r d l y   to  o u t e r  

gage  102.  In  both   c a s e s ,   the  b i t   f ace   of  the  d r i l l   b i t   i s  

s u b s t a n t i a l l y   c o v e r e d   by  o v e r l a p p i n g   or  n e a r l y   o v e r l a p p i n g   PCD 

c u t t i n g   e l e m e n t s   which  sweep  or  s u b s t a n t i a l l y   sweep  the  e n t i r e  

wid th   of  the  b i t   f a c e .   The  t e e t h   employed   in  F i g u r e   8  cou ld   be  

p a t t e r n e d   to  be  o u t w a r d l y   s p i r a l l i n g   as  shown  in  F i g u r e   9  or  v i c e  

v e r s a   w i t h o u t   d e p a r t i n g   from  the  scope  of  the  p r e s e n t   i n v e n t i o n .  

A l t h o u g h   the  PCD  e l e m e n t   has  been  i l l u s t r a t e d   a n d  

d e s c r i b e d   as  a  t r i a n g u l a r  p r i s m a t i c   s h a p e ,   o t h e r   shaped   d i a m o n d  

e l e m e n t s   cou ld   a l s o   be  a d a p t e d   to  t e e t h   of  the  p r e s e n t   d e s i g n .  



For  e x a m p l e ,   c y l n d r i c a l ,   or  c u b i c   e l e m e n t s   are  a l s o   i n c l u d e d  

w i t h i n   the  r a n g e   of  the  p r e s e n t   i n v e n t i o n .  

F i g u r e   10  is  a  p i c t o r i a l   view  of  a  p e t r o l e u m   b i t  

i n c o r p o r a t i n g   t e e t h   improved   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n .  

P e t r o l e u m   b i t   130,  as  in  the  c a se   of  m i n i n g   b i t s   76  and  100 

i l l u s t r a t e d   in  c o n n e c t i o n   wi th   F i g u r e s   8  and  9,  i n c l u d e s   a  s t e e l  

shank  132  and  c o n v e n t i o n a l   t h r e a d i n g   136  d e f i n e d   on  the  end  o f  

shank  132  fo r   c o u p l i n g   wi th   a  d r i l l   s t r i n g .   Bi t   130  i n c l u d e s   a t  

i t s   o p p o s i n g   end  a  b i t   f a c e ,   g e n e r a l l y   d e n o t e d   by  r e f e r e n c e  

numera l   134.  Bi t   f ace   134  i s   c h a r a c t e r i s e d   by  an  apex  p o r t i o n  

g e n e r a l l y   d e n o t e d '   by  r e f e r e n c e   n u m e r a l   136,   a  nose  p o r t i o n  

g e n e r a l l y   d e n o t e d   by  a  r e f e r e n c e   numera l   138,  a  f l a n k   p o r t i o n  

140,  a  s h o u l d e r   p o r t i o n   g e n e r a l l y   d e n o t e d   by  r e f e r e n c e   n u m e r a l  

142,  and  a  gage  p o r t i o n   g e n e r a l l y   d e n o t e d   by  r e f e r e n c e   n u m e r a l  

144:  Bi t   f a c e   134  i n c l u d e s   a  p l u r a l i t y   of  pads  146  d i s p o s e d   in  a 

g e n e r a l l y   r a d i a l   p a t t e r n   a c r o s s   apex  136,  nose  138,  f l a n k   140  and  

s h o u l d e r   142  and  gage  144.  Pads  146  are   s e p a r a t e d   by  a  

c o r r e s p o n d i n g   p l u r a l i t y   of  c h a n n e l s   148  which   d e f i n e   t h e  

w a t e r w a y s   and  c o l l e c t o r s   of  b i t   f a c e   134:  H y d r a u l i c   f l u i d   o r  

d r i l l i n g   mud  is  p r o v i d e d   to  the  w a t e r w a y s   of  b i t   f a c e   134  from  a 

c e n t r a l   c o n d u i t   ( no t   shown)  d e f i n e d   in  a  c o n v e n t i o n a l   m a n n e r  

w i t h i n   the  l o n g i t u d i n a l   a x i s   and  body  of  b i t   1 3 0 .  

As  i l l u s t r a t e d   in  p i c t o r i a l   v iew  in  F i g u r e   10,  each  p a d  

1 4 6   i n c l u d e s   a  p l u r a l i t y   of  t e e t h   150  d e f i n e d   t h e r e o n   such  t h a t  

the   l o n g i t u d i n a l   a x i s   of  the   t o o t h   l i e s   a long   t h e  w i d t h   of  t h e  



pad  and  is  o r i e n t e d   in  a  g e e n e r a l l y   a z i m u t h a l   d i r e c t i o n   a s  

d e f i n e d   by  t h e  r o t a t i o n   of  b i t   130.  PCD  e l e m e n t s   1 5 2  i n c l u d e d  

w i t h i n   t o o t h   150  are  f o l l o w e d   by  and  s u p p o r t e d   by  a  t r a i l i n g  

s u p p o r t   154  of  the  type  shown  and  d e s c r i b e d   in  c o n n e c t i o n   w i t h  

F i g u r e   7.  PCD  e l e m e n t   152  and  t r a i l i n g   s u p p o r t   154  as  d e s c r i b e d  

above  c o n s t i t u t i n g   a  s i n g u l a r   g e o m e t r i c   body  c o m p r i s i n g   the  t o o t h  

150.  As  i l l u s t r a t e d   in  the  F i g u r e   10,  PCD  e l e m e n t s   150  a r e  

d i s p o s e d   near   the  l e a d i n g   edge  of  each   pad  146.  Thus,   b i t   130  a s  

shown  in  F i g u r e   10  is  d e s i g n e d   to  cut   when  r o t a t e d   in  t h e  

c l o c k w i s e   d i r e c t i o n   as  i l l u s t r a t e d   in  F i g u r e   1 0 .  

The  p a r t i c u l a r   d e s i g n   of  p e t r o l e u m   b i t   130  as  shown  i n  

F i g u r e   10  has  been  a r b i t r a r i l y   c h o s e n   as  an  example   and  a  t o o t h  

d e s i g n   improved   a c c o r d i n g   to  the  p r e s e n t   i n v e n t i o n   can  be  a d a p t e d  

to  any  p a t t e r n   or  type  of  pe t ro leum,   c o r i n g   or  any  o t h e r   type  o f  

d r i l l i n g   b i t   a c c o r d i n g  t o  t h e   t e a c h i n g s   of  the  p r e s e n t   i n v e n t i o n .  

T h e r e f o r e ,   the  p r e s e n t l y   i l l u s t r a t e d   i n v e n t i o n   has  b e e n  

d e s c r i b e d   only   for  the  p u r p o s e s   of  example   and  shou ld   not  be  r e a d  

as  a  l i m i t a t i o n   or  r e s t r i c t i o n   of  t h e  i n v e n t i o n   as  se t   f o r t h   by  

the  f o l l o w i n g   c l a i m s .  



1.  In  a  r o t a t i n g   b i t   hav ing   a  b i t   f ace   and  p l u r a l i t y   of 

t e e t h   d i s p o s e d   t h e r e o n ,   an  improvemen t   in  each  sa id   t o o t h  

c o m p r i s i n g :  

a  t r a i l i n g   t a p e r e d   s u p p o r t   i n t e g r a l   wi th   the  m a t r i x   o f  

s a i d   b i t   f ace   and  p r o j e c t i n g   t h e r e f r o m ,   sa id   t r a i l i n g   s u p p o r t  

hav ing   a  f r o n t   s u r f a c e   d e f i n i n g   a  maximum  c r o s s   s e c t i o n   and  

t a p e r i n g   t h e r e f r o m   to  a  p o i n t   on  sa id   f ace   of  s a id   r o t a t i n g   b i t ;  

a n d  

a  PCD  e l e m e n t   c o n t i g u o u s   at  l e a s t   in  p a r t   to  t h a t  

p o r t i o n   of  s a i d   t r a i l i n g   s u p p o r t   i n c l u d i n g   s a id   f r o n t   s u r f a c e   o f  

sa id   t r a i l i n g   s u p p o r t ,   a  p o r t i o n   of  s a i d   PCD  e l e m e n t   b e i n g  

r e c e i v e d   w i t h i n   and  s u p p o r t e d   by  sa id   m a t r i x .  

2.  The  i m p r o v e m e n t   of  Claim  1  w h e r e i n   sa id   PCD  e l e m e n t  

is  g e n e r a l l y   t r i a n g u l a r l y   p r i s m a t i c   in  s h a p e ,   a  s u b s t a n t i a l  

p o r t i o n   of  s a id   PCD  e l e m e n t   be ing   d i s p o s e d   above  sa id   b i t   f a c e .  

3.  The  improvemen t   of  Claim  2  f u r t h e r   i n c l u d i n g   a 

p r o j e c t i o n   e x t e n d i n g   from  sa id   b i t   f ace   and  i n c l u d i n g   a  p r e p a d  

i n t e g r a l   wi th   s a i d   m a t r i x   m a t e r i a l   of  s a id   b i t   f a c e ,   s a id   p r e p a d  

be ing   c o n t i g u o u s   wi th   sa id   PCD  e l e m e n t .  

4.  The  improvemen t   of  Claim  3  w h e r e i n   sa id   p repad   i s  

c o n t i g u o u s   wi th   a  face   of  s a id   PCD  e l e m e n t   g e n e r a l l y   o p p o s i n g  

sa id   f ace   of  s a id   PCD  e l e m e n t   c o n t i g u o u s   wi th   s a i d   t r a i l i n g  

t a p e r e d   s u p p o r t .  



5.  The  improvemen t   of  Claim  1  w h e r e i n   sa id   PCD  e l e m e n t  

is  a  g e n e r a l l y   t r i a n g u l a r   p r i s m a t i c   shaped   member,   hav ing   two 

o p p o s i n g   end  f a c e s   and  t h r e e   a d j a c e n t   s i de   s u r f a c e s   c o n n e c t i n g  

sa id   o p p o s i n g   end  f a c e s ,   and  w h e r e i n   one  sa id   end  face   i s  

c o n t i g u o u s   to  and  s u b s t a n t i a l l y   c o n g r u o u s   wi th   sa id   l e a d i n g   e d g e  

of  sa id   t r a i l i n g   t a p e r e d   s u p p o r t .  

6.  The  improvemen t   of  Claim  1  w h e r e i n   sa id   PCD  e l e m e n t  

is  a  g e n e r a l l y   t r i a n g u l a r   p r i s m a t i c   shaped   member  hav ing   two  

o p p o s i n g   end  f a c e s   and  t h r e e   a d j a c e n t   s i de   s u r f a c e s   c o n n e c t i n g  

sa id   o p p o s i n g   end  f a c e s ,   and  w h e r e i n   one  of  sa id   s ide   s u r f a c e s   i s  

c o n t i g u o u s   to  and  s u b s t a n t i a l l y   c o n g r u o u s   wi th   sa id   t r a i l i n g  

t a p e r e d   s u p p o r t .  

7.  The  improvemen t   of  Claim  6  w h e r e i n   s a id   t r a i l i n g   dl 

t a p e r e d   s u p p o r t   has  a  w i d t h ,   at  l e a s t   at  s a id   b i t   f a c e ,   g r e a t e r  

than  the  c o r r e s p o n d i n g   wid th   of  sa id   PCD  e l e m e n t ,   whereby  s a i d  

t r a i l i n g   t a p e r e d   s u p p o r t   p r o v i d e s   l a t e r a l   as  wel l   as  l o n g i t u d i n a l  

s u p p o r t   to  sa id   PCD  e l e m e n t .  

8.  The  improvemen t   of  Claim  1  w h e r e i n   s a id   t r a i l i n g  

s u p p o r t   has  a  w i d t h ,   at  l e a s t   at  s a id   b i t   f a c e ,   g r e a t e r   than  t h e  

c o r r e s p o n d i n g   w id th   of  s a id   PCD  e l e m e n t ,   whereby   s a id   t r a i l i n g  

t a p e r e d   s u p p o r t   p r o v i d e s   l a t e r a l   as  wel l   as  l o n g i t u d i n a l   s u p p o r t  

to  s a id   PCD  e l e m e n t .  

9.  The  improvemen t   of  Claim  7  w h e r e i n   sa id   t r a i l i n g  



t a p e r e d   s u p p o r t   i n c l u d e s   at  l e a s t   in  p a r t   an  a p i c a l   r i d g e  

e x t e n d i n g   to  s a id   p o i n t   on  sa id   face   of  s a i d   r o t a r y   b i t .  

10.  The  i m p r o v e m e n t   of  Claim  7  w h e r e i n   sa id   t r a i l i n g  

t a p e r e d   s u p p o r t   has  a  g e n e r a l l y   rounded   c r o s s   s e c t i o n   from  i t s  

a p i c a l   s u r f a c e   to  s a id   b i t   f a c e .  

11.  An  i m p r o v e m e n t   in  a  r o t a t i n g   b i t   made  of  m a t r i x  

m a t e r i a l   h a v i n g   a  b i t   f ace   and  c e n t e r   i n c l u d i n g   a  p l u r a l i t y   o f  

PCD  e l e m e n t s   and  a  c o r r e s p o n d i n g   p l u r a l i t y   of  t e e t h ,   w h e r e i n   e a c h  

t o o t h   c o m p r i s e s :  

a  p r o j e c t i o n   e x t e n d i n g   from  sa id   f ace   i n c l u d i n g   a  p r e p a d  

and  t r a i l i n g   s u p p o r t   i n t e g r a l   with  s a i d   m a t r i x   m a t e r i a l   of  s a i d  

b i t   f ace   and  c o n t i g u o u s   with  each  s i d e   of  s a i d   PCD  e l e m e n t ;  

w h e r e i n   sa id   p repad   has  a  b u l b o u s   s h a p e ,   s a id   p r e p a d  

hav ing   a  base   i n t e g r a l   wi th   and  d i s p o s e d   on  s a id   b i t   f a c e ;  

a  PCD  e l e m e n t   d i s p o s e d   b e h i n d   and  c o n t i g u o u s   with  s a i d  

p r epad   and  has  a  g e n e r a l l y   t r i a n g u l a r   p r i s m a t i c   s h a p e ,   s a i d   PCD 

e l e m e n t   be ing   d i s p o s e d   at  l e a s t   in  p a r t   in  s a i d   b i t   f ace   and  

e x t e n d i n g   t h e r e f r o m   so  t h a t   at  l e a s t   a  p o r t i o n   of  s a id   t r i a n g u l a r  

c r o s s   s e c t i o n   of  s a i d   PCD  e l e m e n t   is   c o n g r u o u s   wi th   the  c r o s s  

s e c t i o n   of  s a id   p r epad   e x t e n d i n g   from  sa id   b i t   f ace   so  t h a t   t h e  

p o r t i o n   of  s a i d   PCD  e l e m e n t   e x t e n d i n g   from  s a i d   b i t   face   and  s a i d  

p r e p a d   g e n e r a l l y   form  a  s i n g u l a r   g e o m e t r i c   p r o j e c t i o n   from  s a i d  

b i t   f a c e ;   a n d  

a  t r a i l i n g   s u p p o r t   c o n t i g u o u s   wi th   s a i d   PCD  e l e m e n t  

hav ing   a  t a p e r e d   c r o s s   s e c t i o n   s u b s t a n t i a l l y   c o n g r u o u s   wi th   s a i d  



e l e m e n t   where  c o n t i g u o u s   t h e r e t o   and  t r a i l i n g   from  sa id   e l e m e n t  

to  a  t a p e r e d   p o i n t   on  sa id   b i t   f a c e .  

12.  The  improvemen t   of  Claim  11  w h e r e i n   sa id   t r a i l i n g  

s u p p o r t   is  g e n e r a l l y   a r c u a t e   a n d . h a s   a  r a d i u s   of  c u r v a t u r e  

s u b s t a n t i a l l y   equa l   to  t h a t   of  s a id   r o t a t i n g   b i t .  

13.  The  improvemen t   of  Claim  11  w h e r e i n   sa id   PCD 

e l e m e n t   is  c h a r a c t e r i s e d   by  hav ing   two  o p p o s i n g   t r i a n g u l a r   end 

f a c e s   and  t h r e e   a d j a c e n t   s ide   s u r f a c e s   c o n n e c t i n g   sa id   end  f a c e s ,  

and  w h e r e i n   sa id   PCD  e l e m e n t   is  d i s p o s e d   in  f r o n t   of  s a i d  

t r a i l i n g   s u p p o r t   and  c o n t i g u o u s   t h e r e t o   so  t h a t   one  of  sa id   end  

f a c e s   of  sa id   PCD  e l e m e n t   is  c o n t i g u o u s   wi th   sa id   t r a i l i n g  

s u p p o r t .  

14.  The  improvemen t   of  Claim  13  w h e r e i n   sa id   t r a i l i n g  

s u p p o r t   has  an  a p i c a l   r i d g e   s u b s t a n t i a l l y   c o n t i g u o u s   with  an  

a p i c a l   r i d g e   of  s a id   PCD  e l e m e n t   formed  by  two  a d j a c e n t   s i d e  

s u r f a c e s .  

15.  The  improvemen t   of  Claim  11  w h e r e i n   sa id   PCD 

e l e m e n t   i n c l u d e s   two  o p p o s i n g   g e n e r a l l y   t r i a n g u l a r   end  f a c e s   and 

t h r e e   a d j a c e n t   s i de   s u r f a c e s   c o n n e c t i n g   sa id   o p p o s i n g   end  f a c e s ,  

and  w h e r e i n   sa id   PCD  e l e m e n t   is  d i s p o s e d   in  f r o n t   of  s a i d  

t r a i l i n g   s u p p o r t   so  t h a t   one  of  s a i d   s i de   s u r f a c e s   i s  

s u b s t a n t i a l l y   c o n t i g u o u s   with  sa id   t r a i l i n g   s u p p o r t ,   an  a p i c a l  

r i d g e   d e f i n e d   by  s a id   c o n t i g u o u s   s i d e   s u r f a c e   and  an  a d j a c e n t  



s ide   s u r f a c e   f o rming   the  l e a d i n g   f ace   of  s a id   PCD  e l e m e n t   b e i n g  

s u b s t a n t i a l l y   c o n t i g u o u s   and  c o n g r u o u s   with  sa id   t r a i l i n g   s u p p o r t  

whereby  sa id   t r a i l i n g   s u p p o r t   p r o v i d e s   l o n g i t u d i n a l   r e i n f o r c e m e n t  

for   sa id   PCD  e l e m e n t .  

16.  The  i m p r o v e m e n t   of  Claim  15  w h e r e i n   sa id   t r a i l i n g  

s u p p o r t   has  an  a p i c a l   r i d g e   l e a d i n g   to  s a id   t a p e r e d   p o i n t   on  s a i d  

b i t   f a c e .  

17.  The  i m p r o v e m e n t   of  Claim  15  w h e r e i n   sa id   t r a i l i n g  

s u p p o r t   has  a  g e n e r a l l y   rounded   c r o s s   s e c t i o n   c h a r a c t e r i z i n g   i t s  

a p i c a l   s u r f a c e .  

18.  The  i m p r o v e m e n t   of  Claim  15  w h e r e i n   sa id   t r a i l i n g  

s u p p o r t   has  a  w id th   g r e a t e r   than   the  c o r r e s p o n d i n g   wid th   of  s a i d  

PCD  e l e m e n t   at   l e a s t   at  s a id   b i t   face   so  t h a t   s a id   t r a i l i n g  

s u p p o r t   p r o v i d e s ,   in  p a r t ,   l a t e r a l   s u p p o r t   to  s a id   PCD  e l e m e n t .  

19.  In  a  r o t a t i n g .   b i t   hav ing   a  face   and  a  p l u r a l i t y   o f  

t e e t h   p r o j e c t i n g   t h e r e f r o m ,   i n c l u d i n g   a  c o r r e s p o n d i n g   p l u r a l i t y  

of  PCD  e l e m e n t s ,   an  i m p r o v e m e n t   in  each  of  s a id   t e e t h   c o m p r i s i n g :  

a  g e n e r a l l y   t a p e r i n g   p l an   o u t l i n e   of  s a id   p r o j e c t i o n  

with  a  f l a t   g e n e r a l l y   r a d i a l   l e a d i n g   face   and  e x t e n d i n g  

r e a r w a r d l y   to  a  t a p e r e d   p o i n t   on  s a id   f ace   of  s a i d   r o t a r y   b i t ,  

sa id   PCD  e l e m e n t   be ing   d i s p o s e d   at  l e a s t   in  p a r t   in  s a i d  

p r o j e c t i o n ,   s a id   e l e m e n t   h a v i n g   a  g e n e r a l l y   t r i a n g u l a r   p r i s m a t i c  

shape  i n c l u d i n g   t h r e e   p l a n a r   s i d e   f a c e s  a n d   two  t r i a n g u l a r   e n d  



f a c e s ,   sa id   e l e m e n t   be ing   d i s p o s e d   in  sa id   p r o j e c t i o n   such  t h a t  

at  l e a s t   a  p o r t i o n   of  one  of  sa id   s ide   f a c e s   forms  sa id   l e a d i n g  

face  of  sa id   p r o j e c t i o n ,   s a id   p r o j e c t i o n   e x t e n d i n g   and  t a p e r i n g  

r e a r w a r d l y   from  sa id   l e a d i n g   face  to  sa id   t a p e r e d   p o i n t .  

20.  The  i m p r o v e m e n t   of  Claim  19  w h e r e i n   sa id   p l u r a l i t y  

of  t e e t h   p r o j e c t i n g   from  sa id   s u r f a c e   of  sa id   r o t a r y   b i t   a r e  

o v e r l a p p i n g   at  l e a s t   in  p a r t   w h e r e i n   at  l e a s t   one  l e a d i n g   edge  o f  

sa id   p r o j e c t i o n   of  one  t o o t h   o v e r l a p s   and  is  i n t e r g r a l l y   f o r m e d  

with  a  t r a i l i n g   p o r t i o n   near  sa id   t a p e r e d   p o i n t   of  an  a d j a c e n t  

t o o t h ,   whereby  s a i d   m a t r i x   m a t e r i a l   forming  sa id   t e e t h   i s  

m i n i m i z e d   whi le   p r o v i d i n g   maximal  amount  of  s u p p o r t   d e s p i t e  

o v e r l a p   of  a d j a c e n t   t e e t h .  

21.  In  a  r o t a t i n g   b i t   hav ing   a  face  and  a  p l u r a l i t y   o f  

t e e t h   i n c l u d i n g   a  PCD  e l e m e n t   d i s p o s e d   at  l e a s t   in  p a r t   in  e a c h  

t o o t h ,   an  i m p r o v e m e n t   in  each  t o o t h   c o m p r i s i n g :  

a  p r o j e c t i o n   e x t e n d i n g   from  sa id   face   of  s a id   r o t a r y  

b i t ,  s a i d   p r o j e c t i o n   hav ing   a  c i r c u l a r   c o n i c a l - s h a p e d   l e a d i n g  

face  e x t e n d i n g   r e a r w a r d l y   to  form  a  g e n e r a l l y   oblong  shaped   p l a n  

o u t l i n e   d e f i n i n g   a  l o n g i t u d i n a l   ax i s   and  a  main  body  p o r t i o n   and  

t e r m i n a t i n g   in  a  t a p e r e d   t r a i l i n g   s u p p o r t   end ing   at  a  p o i n t   o f  

t a p e r   on  sa id   f a c e ,   s a i d   t r a i l i n g   s u p p o r t   hav ing   a  g e n e r a l l y  

t r i a n g u l a r   p l an   o u t l i n e   t e r m i n a t i n g   at  s a id   p o i n t   on  sa id   f a c e  

and  a  cu rved   a x i s   of  symmetry  of  s a id   t r a i l i n g   p o r t i o n   l y i n g   i n  

the  p l ane   of  s a id   face   and  i n c l i n e d   at  an  ang le   with  r e s p e c t   t o  

t h e   l o n g i t u d i n a l   a x i s   of  s a id   body  of  sa id   p r o j e c t i o n   whereby  an  



oblong  t e a r d r o p   shape  wi th   a  c o n c a t e n a t e d   t a i l   is  p r o v i d e d ,   s a i d  

PCD  e l e m e n t   be ing   d i s p o s e d   at  l e a s t   in  p a r t   in  s a id   p r o j e c t i o n  

w i t h i n   s a i d   main  body  p o r t i o n   b e h i n d   s a id   l e a d i n g   face   and  

d i s p o s e d   in  f r o n t   of  s a id   t r a i l i n g   s u p p o r t .  
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